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Seventy patients having aortocoronary vein bypass
grafting surgery for angina pectoris underwent preop-
erative invasive exercise testing to symptom limits and
again 6 to 14 months postoperatively. Cardiac output
was measured using the direct Fick principle. Postop-
eratively at maximal exercise, there was a 3.11 liters/min
(p < 0.0001) increase in cardiac output in men (n =61)
and a 2.04 liters/min (p < 0.01) increase in women (n
= 9). Patients with complete revascularization showed
It IS well established that myocardial revasculanzatIon pro-
vides excellent symptomatic relief for angina pectons (1)
Improvement in left ventncular function at rest IS not a
uniform response (2), and the cardiac mechanisms of Im-
proved exercise performance of patients after successful
surgery remain uncertain and controversial (3- 5)
Van able results were obtained when the effects of sur-
gery on exercise hemodynarrnc vanables at submaximal work
loads m the supine position were exammed (6,7) In this
study, we evaluated the effect of aortocoronary bypass sur-
gery on maximal cardiac output and its components dunng
upnght symptom-hrmted exercise on a treadmill The ob-
served values for oxygen consumption, cardiac output , heart
rate and stroke volume at maximal exerci se are expressed
as a percent of previously defined average normal values
for sedentary men and women (8 ,9) This permits values
for men and women of diverse ages to be combined to
facilitate analysis of patients stratified according to the ad-
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a significantly greater improvement in cardiac output
postoperatively than did those with incomplete revas-
cularization (26 versus 6%, p < 0.0001). The major
reason for the increased maximal cardiac output was a
marked increase in heart rate while stroke volume was
maintained at the same preoperative level. These find-
ings were true irrespective of preoperative use of beta-
adrenergic blocking drugs.
equacy of revasculanzanon The study examines the relative
Importance of adequacy of revasculanzation, augmentation
of maximal heart rate and stroke volume and penpheral
extraction of oxygen m accounting for the changes in func-
tional aerobic capacit y and maximal cardiac output resulting
from coronary bypass surgery
Methods
Study patients. Patients With stable angma pectons in
whom aortocoronary vem bypass graft surgery was already
recommended were recruited after pennlsslon was obtained
from the refernng physician All aspect s of these studies
were approved by the Insntutional Human Subjects Review
Committee The study design was explained to each par-
ticipant before obtammg voluntary informed consent
Preoperatively, 100 patient s participated and represented
II% of the patients referred for coronary bypass surgery at
the insntunon from January 1979 until June 1981 Patients
With unstable angina and recent myocardial mfarcnon were
excluded The baseline charactenstics of those participanng
were not significantly different from those of the overall
surgical group .
Exercise testing. Using a multistage treadmill protocol ,
patients were tested first nonmvasively and then mvasrvely ,
I to 2 days preoperatively and agam 6 to 14 months (mean
± standard deviation 9 ± 3 months) postoperatively Each
test was contmued until hrmtmg symptoms developed, un-
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less It was terminated by the physician because of exertional
hypotension The Bruce protocol (10) was used, but the
initial stage was modified to I 7 or I 2 miles/hour at 0%
gradient In severely limited patients, Irrespective of the InI-
nal stage, the work load was Increased every 3 minutes
Dunng the uuual noninvasive exercise test, maximal ox-
ygen consumption was measured (11) The heart rate and
rhythm were morutored from a modified V5 chest lead and
the blood pressure was measured with a sphygmomanometer
at rest In the upnght posture, dunng every stage of exercise
and dunng the first 5 minutes of the recovery penod
Before the invasive exercise test, a Swan-Ganz catheter
and arterial line were placed tn the left arm During the
study, systemic artenal, pulmonary artery and pulmonary
capillary pressures were monitored The direct Pick cardiac
output was determined from measurement of oxygen con-
sumption and oxygen contents of artenal and mixed venous
blood samples Dunng exercise, oxygen consumption was
measured every minute and blood samples were obtained
over a 15 to 20 second Interval Beta-receptor blocking drugs
and long-acting nitrates were discontinued 18 to 48 hours
before study, and patients exercised after a light breakfast
No premedication was used for catheter msertion
Angiography. Preoperative coronary angiography re-
vealed that 56% of patients had three vessel disease, 27%
had two vessel disease and 17% had Single vessel disease
The mean preoperative ejection fraction at rest was 58 ±
14%, mean left ventncular end-diastolic pressure was 16
± 7 mm Hg and mean left ventncular end-diastolic volume
was 84 ± 27 ml/rrr' The average number of anastomoses
per patient was 3 2 ± I 4
Postoperative assessment. Postoperatively, 70 patients
(61 men and 9 women) returned for follow-up studies (Table
I); 27 of these patients also had angrographic and ventnc-
ulographic studies In Table 2, baseline charactenstics of
the group returning for complete postoperative evaluation
and those not having follow-up studies are shown
Postoperatively, revascularizauon was classified as com-
plete or incomplete on the baSIS of postoperative anglo-
graphic findings In 27 patients When these were not avail-
able, complete revasculanzanon was presumed by an absence
Table 1. Follow-Up Statusof 100 Patients Having a
Preoperative Exercise Test
Operative death
Postoperative exercise test
Invasive
Noninvasive
Refused study
Asymptomatic
Symptomatic
Not studied because of carcmoma
Lost to follow-up
Total
70
7
12
6
2
2
100
Table 2. Companson of Preoperative Fmdmgs m Patients With
and Without Invasive Follow-Up Studies
Patients With Patients Without
Invasive Invasive
Follow-Up Studies Follow-Up Studies
(n = 70) (n = 30)
Angma seventy (CHA class) (%)
I 14 10
II 49 33
III 37 57
Age (yr) 559 ± 94 552 ± 80
Height (em) 1744 ± 84 1746 ± 82
Weight (kg) 834 ± 134 81 8 ± 132
ST depression (mm) 15 ± 13 12 ± 13
V0 2 max (ml-kg'srmn') 168 ± 50 149 ± 52
HR (beats/mm)
Rest 68 ± II 73 ± 16
Maximal 113 ± 21 106 ± 25
SBP (mm Hg)
Rest 121 ± 17 121 ± 20
Maximal 145 ± 26 143 ± 26
DBP (mm Hg)
Rest 75 ± 12 77 ± 9
Maximal 77 ± 18 84 ± 13t
CO (hters/mm) 94 ± 27 86 ± 28
SV (rnl) 87 ± 19 84 ± 20
% Normal VOz max 50 ± 14 43 ± 16*
% Normal CO max 59 ± 13 53 ± 17
% Normal HR max 64 ± 12 62 ± 16
% Normal SV max 89 ± 15 85 ± 19
* p < 0 05 tp < 0 0 I CHA = Canadian Heart ASSOCiation, CO =
cardiac output, DBP = diastolic blood pressure, HR = heart rate, max
= maximal, SBP = systolic blood pressure, SV = stroke volume, V0 2
= oxygen consumption
of a history of angma postoperatively and neither angina
nor ST changes I mm or greater dunng the follow-up tread-
mill tests The predictive accuracy of these nonmvasrve
cntena m the 27 patients having coronary angiography was
90% Patients were assessed according to the presence or
absence of wall motion abnormalities In the absence of a
postoperative ventnculogram, they were considered to be
normal If the preoperative ventnculogram was normal and
no penoperattve or postoperative myocardial infarction (de-
fined as the development of new Q waves) occurred The
mcidence of penoperative infarction was 2%
Statistical analysis. Paired t testmg was used to assess
the significance of differences between pre- and postoper-
ative contmuous variables and unpaired t testing was used
to test the significance of means between groups Distn-
butions of discrete variables were assessed by the chi-square
statistic Values are expressedas mean ± 1standard deviation
Results
Changes in clinical status and exercise capacity after
surgery. Chrncal and nomnvasrve exercise responses pre-
and postoperatively are shown for the same patients In Table
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3 The changes in classificanon of angina seventy according
to the Canadian Heart Association classificanon (12) mdi-
cate a marked Improvement in symptomatic status (proba-
bihty [pI < 000l) The imtial exerctse test results also
mdicate significant Improvement m functional aerobic ca-
pacity ( I I) and heart rate and blood pressure responses (p
< 000 1)
Changes in invasive evidence of coronary artery dis-
ease. The patency rate for all grafts was 84% and 20 (74%)
of 27 patients restudied had all grafts patent Senal ventnc-
ulograms showed no significant change In the ejection frac-
tron at rest (61 ± 12 versus 63 ± 13%, not significant).
end-diastohc volume (79 ± II versus 81 ± 18 ml/rrr', not
significant) and end-diastolic pressure (15 ± 7 versus 15
± 7 mm Hg, not significant)
Using angtographu: findings and responses to exercis e
testing, 29 patients were classified as having complete re-
vasculanzanon and normal wall motion (Group 1), 25 had
complete revasculanzatlon and abnormal wall motion (Group
II) and 16 had incomplete revasculanzation (Group Ill)
Changes in limits of cardiac function. In Table 4, the
mean pre- and postoperative values for maximal oxygen
consumption and ItSvanous components are shown for men
and women separately There was a sigmficant Improvement
In maximal cardiac output postoperatively This vanable In
men Increased by 31% (from 988 ± 2 51 to 1299 ± 29
hters/rrun) (p < 0 00I) and in women It Increased by 33%
(from 6 18 ± I 35 to 8 22 ± 249 hters/rrun) (p < 00 1)
In FIgure I the mdrvrdual pre- and postoperative values of
maximal cardiac output for men and women are plotted
according to age It ISreadily apparent that In many patients
abnormal preoperatIve values returned to the normal range
postoperatively
In Table 5. the mean values for oxygen consumption.
cardiac output. heart rate and stroke volume are expressed
as percents of the age- and sex-adjusted average normal
values at syrnptom-hrmted maximal exercise The patients
are grouped according to the completeness of revasculan-
zation and residual wall motion abnormahnes Preopera-
tively, none of the vanables were significantly different
among the three groups Postoperatively, maximal oxygen
consumption Improved sigmficantly In each group The
greatest Improvement was In patients WIth complete revas-
culanzation and normal wall motion
Postoperative cardiac output Increased significantly In
Group I patients (26%, p < 0 00 I) and Group II patIents
(20%. p < 000l) In Group III patients (Incomplete re-
vascularization). there was an msigmficant mmor Increase
In maximal cardiac output Companson of the mean post-
operative values indicated that Group I had significantly
higher values than Group II (p < 0 0I) and Group III (p <
0 0001)
Each group showed a statistica lly significant increase tn
maximal heart rate The Increase was greatest In Group I
(25%, p < 0 0001 ) and Group Upatients (23%. p < 0 coon
In those WIth Incomplete revasculanzanon (Group Ill). there
was only an 8% Increase (p < 0 05)
Postoperative values for stroke volume showed no sig-
ruficant change compared WIth preoperatIve values Never-
theless, postoperatively. Group I patients had a higher value
for stroke volume than did Group III patients (95 ± 15
versus 84 ± 13%. p < 0 02)
In Group III patients, artenal mixed venous oxygen dif-
ference showed a marked compensatory mcrease postop-
eratively from 132 ± 19 to 147 ± 18 ml/hters (p < 0 001)
This Improvement In penpheral extraction was the major
Table 3 . Pre- and Postoperative C linical and Norunvasrve Ex ercise Test Results In 70 Patients
Preoperative Postoperative
Angina seventy (CHA class) (%)
0 0 88
I 14 9
II 49 3
III 37 0
Angma dun ng exercise test (%) 80 10
ST depression (mm ) 1 5 ± 1 3 03 ± 09
V02max (rnl-kg-rrun') 16 8 ± 50 233 ± 65
HR (beats/min)
Rest 68 ± II 80 ± 15
Maximal 113 ± 2 1 147 ± 26
SBP (rnm Hg)
Rest 121 ± 17 132 ± 18
Maximal 145 ± 26 183 ± 27
DBP (rnrn Hg)
Rest 75 ± 12 78 :!: 10
Maximal 77 ± 18 85 ± 14
FAC (%) 54 :!: 14 75 :!: 18
HR impairment (%) 35 ± 14 13 ± 14
p Value
< 0 001
< 000 1
< 000 1
< 0001
< 0001
< 0001
< 001
< 0001
NS
< 001
< 0001
< 0001
FAC = functtonal aerobic capacity, NS = not significant, other abbrevi anons as in Table 2
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Table 4. Postoperative Change in Maximal Oxygen
Consumption and Its Components in 61 Men and Women
Preoperative Postoperative p Value
\'02 (mllmin)
Men 1,395 ± 456 1,965 ± 502 < 0.0001
Women 806 ± 228 1,080 ± 313 < 0.005
CO (liters/min)
Men 9.9 ± 2.5 13.0 ± 2.9 < 0.0001
Women 6.2 ± 1.3 8.2 ± 2.5 < 0.01
HR (beats/min)
Men 108 ± 21 144 ± 27 < 0.0001
Women 109 ± 23 133 ± 32 < 0.05
SV (ml)
Men 91 ± 15 91 ± 15 NS
Women 58 ± 11 62 ± 15 NS
l;av O2(mliliter)
Men 140 ± 21 151 ± 17 < 0.001
Women 130 18 133 17 NS
l;av O2 arteriovenous oxygen difference; other abbreviations as
before.
contributor to the augmented oxygen consumption. In Group
II, this variable showed a small increase from 137 ± 24 to
150 ± 15 mllliter (p < 0.01).
Rate-pressure product was increased significantly (p <
0.000 1) in Group I and Group II patients (173 ± 45 versus
292 ± 60; 157 ± 41 versus 282 ± 57, respectively). There
was a much smaller increase in Group III patients (161 ±
50 versus 214 ± 71, p < 0.01).
Figure 1. Individual pre- and postoperative values of maximal
cardiac output for 61 men (A) and 9 women (B) in relation to age.
The shaded area represents the normal range for sedentary men.
Preoperative values are represented by the closed circles. Post-
operative patients with complete revascularization are represented
by the open circles and patients with incomplete revascularization
by the semi-open circles.
Effect of withdrawal of beta-adrenergic blockade. The
54 patients with complete revascularization were analyzed
according to the use of a beta-adrenergic blocking agents
preoperatively to evaluate any potential contribution of with-
drawal of beta-adrenergic blockade to the improvement in
cardiac output. The mean values are shown in Table 6 for
two subsets of patients. One group had received a beta-
blocking agent preoperatively but not postoperatively and a
second group had not received a beta-blocking agent either
pre- or postoperatively. In both categories, there was a sig-
nificant improvement in maximal oxygen consumption ( + 24
and + 13%, respectively) and maximal cardiac output ( + 25
and + 22%). There was no significant difference between
groups for pre- or postoperative values. The maximal heart
rate response showed a marked improvement in both groups.
The improvement was slightly greater (26 versus 23%, not
significant) in those who had received a beta-adrenergic
blocking agent preoperatively. The difference seen in mean
stroke volume was not statistically significant and there were
no significant intergroup differences. Preoperatively, the
arterial mixed venous oxygen difference was significantly
higher in the group that had received beta-adrenergic block-
ing agents (145 ± 21 versus 126 ± 22 ml/liter, p < 0.01).
This was due to greater peripheral oxygen extraction low-
ering mixed venous oxygen content, as reported previously
(13). Postoperatively, both groups were similar with respect
to this variable.
Relation of cardiac functional limits to left ventricular
function at rest. The role of preoperative left ventricular
function at rest was evaluated in the 54 patients with com-
plete revascularization, stratifying them according to ejec-
tion fraction 50% or greater versus less than 50%. Patients
were also considered according to the left ventricular score
(14) used in the Coronary Artery Surgery Study (CASS)
reports. Patients with normal wall motion (score of 5) were
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Table 5. Maximal Cardiac Variables Expressed as a Percent of Age- and Sex-Adjusted Normal Values Before and After Surgery In
70 Patients
Vanable
Group Preoperauve Postoperative
% Normal V0 2max
Group I, n= 29 52 ± 13 78 ± 16 .,
1I p <O OOOI * I NSt
Group II, n = 25 48 ± I I 71 ± 14 .J P < 0001-,
I p < Ooool * I NS JGroup III. n = 16 50 ± 18 62 ± 22 ...J
I P < 0 005 I
% Normal Qma,
Group 1 60± 11 86 := II .,
1I P < 0 001 I P < 001
Group II 58 ± 12 78 ± 10 .J P < 00001,
I P < 0 0001 I P < 0005 JGroup III 57 ± 19 63 ± 20 ...J
I NS I
% Normal HRma ,
Group I 64 ± 11 89 :!: 12 .,
lI P < 0000 1 I NS
Group II 63 ± 10 86 := II .J P < 0002,
I P < 0000 1 I P < 0 02 JGroup III 65 :!: 15 73 :!: 20 ...J
I P < 005 I
% Normal SVma'
Group I 92 ± 12 95 ± 15 ,
1I NS I NS
Group II 90 ± 17 89 ± 18 .J p < 0 02-,
I NS I NS JGroup III 84 ± 16 84 ± 13 ...J
I NS I
6.av O2 (rnl/hter)
Group I 143 ± 19 148 ± 21 ,
lI NS I NS
Group II 137 ± 24 150 ± 15 .J NS-,
I P < 001 I NS JGroup III 132 ± 19 147 ± 18 ...J
I P < 0 001 I
"Paired t test of preoperative and postoperative values tUnpalred t test of postoperative group means 6.av O2 = artenovenous oxygen difference,
HR = heart rate, Q = cardiac output, SV = stroke volume. VOz = oxygen consumplion
Group I = 29 patients With complete revasculanzanon and normal wall motion. Group II = 25 patients With complete revasculan zauon and abnormal
wall monon, Group III = 16 patients with Incomplete revasculanzauon
compared With those With a score greater than 5 (maximal
possible score of 30) In both analyses , cardiac output m-
creased sigmficantly (ejection fraction 2:: 50. 23%, ejection
fraction < 50, 21%, left ventricular score = 5,23%, left
ventricular score> 5, 22%) In neither group was there a
significant change m stroke volume Thu s, Improvement in
maximal cardi ac output resulted from reve rsal of exertional
Ischemia m Viable portions of the myocardium rather than
Improvement in wall motion abnormalines at rest
Discussion
Evaluation of study design. Each person served as his
or her own control with companson of pre- and postoper-
ative cardiac function at maximal exercise Rehef of sub-
jectrve symptoms was assoc iated With Improvement m ob-
jecn ve functional van ables The preoperative artenal mixed
venous oxygen differences and the plateaumg of oxygen
consumption indicated that patients were exercised to max-
imal possible hmits
The 100 patients evaluated constituted only 11% of all
patients havmg surge ry dunng the study penod Patients
With unstable angma were excluded, but companson of age,
sex distnbunon and history of mfarction showed no sigmf-
icant differences between those studied and the total surgical
group. Ejection fraction was slightly higher m the group
studied (56 versus 49 %) End-diastohc pressure was 15 mm
Hg III the group studied and 13 mm Hg m the remammg
patients Smgle vessel disease was present m 8% of the
group not havmg exercise studies compared With 14% of
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Table 6. Postoperative Changes m 45 Patients WIth Complete
Revasculanzation Accordmg to Preoperative Use or Nonuse of
Beta-Blocking Agents
Vanable
Group Preoperative Postoperative p Value
% Normal V0 2ma<
YN. n = 32 51 ± 12 1 75 ± 121 <OOOOH
NS* NS
NN. n = 13 51 ± 16 J 82 ± 19J < 00001
% Normal Qmax
YN 58 ± II 1 83 ± 131 < 00001
NS NS
NN 58 ± 10 J 80 ± 9...J < 00001
% Normal HRmax
YN 62 ± 12 1 88 ± III < 00001
NS NS
NN 66 ± 8 J 89 ± 13J < 00001
% Normal sv.,
YN 92± 16 1 93 ± 181 NS
NS NS
NN 87 ± 13 .J 88 ± II .J NS
6av O2 (ml/hter)
YN 145 ± 21 1 147 ± 181 NS
p<OOl NS
NN 126 ± 22 .J 151 ± 15.J < 001
*p value by unpaired t test tp value by paired t test NN = 13patients
who did not use beta-blocking agents before or after operation, YN = 32
patientswho used beta-blockmgagentsbefore but not after operation,other
abbreviations as before
patients having mvasrve studies, those participatmg are rep-
resentative of patients having surgery
An Important aspect was the postoperative classification
of patients according to the degree of revasculanzation
Only 39% of panents had postoperative artenography, but
m this group the predictive accuracy of norunvasrve cntena
for revasculanzation was 90% The Improvement m cardiac
output m the subset having artenography was 26% for Group
I, 19% for Group II and only 10% for Group III (incomplete
revasculanzation), WhICh IS similar to changes shown m
Table 5
Another potential problem IS that 30 patients did not have
complete follow-up and of those who refused restudy 30%
were symptomatic The purpose of the study was to relate
cardiac Improvement to the degree of revasculanzanon rather
than to SImply document the overall effect of surgery Table
2 compares basehne characteristics of those WIth and WIth-
out follow-up and only mmor differences were present.
Comparability with prior studies. Operative mortality
was low (1%) Of 99 survivors, 88% were asymptomatic
after surgery and noninvasive exercise test responses were
consistent WIth prevIOUS reports mdicatmg significant Im-
provement m exercise capacity (3,4)
All patients did not undergo recathetenzation because the
decision was based entirely on the patient's willingness to
undergo repeated angiography rather than the presence or
absence of symptoms The graft patency 6 to 14 months
after surgery was 84%, WhICh IS comparable WIth results
from preVIOUS studies (15) A significant change m ejection
fraction at rest or other indexes of ventncular function at
rest such as end-diastolrc pressure or end-diastolic volume
was not found (2,6,7) The incidence of penoperative myo-
cardial mfarction was low Thus, the results of this study
do not differ significantly from pnor reports either m terms
of the technical aspects of surgery or the cluneal benefits,
as Judged by relief of angma and Improvement m exercise
capacity
Assessment of limits of cardiac function. After sur-
gery, there was an mcrease In maximal cardiac output In
the majority of patients, up to 7 hters/mm In some cases
Cardiac output at maxnnal exercise effectively defines limits
of cardiac function The unique aspect of this appraisal was
the adjustment of the vanables of maximal cardiovascular
performance In terms of average normal values for age and
sex ThIS allowed data from men and women to be consid-
ered together The greatest postoperative change In cardiac
output was In Group I (Table 5)
Importance of adequacy of revascularization. The
separation of the patients postoperatively In terms of com-
plete and Incomplete revasculanzanon and accordmg to re-
sidual wall motion abnormalities was consistent WIth pnor
reports (16) In each group, there was a significant Im-
provement in maximal oxygen consumption, but clearly the
Improvement was greatest m the group WIth normal wall
motion and complete revasculanzation (Group I) There was
some Improvement m the group WIth Incomplete revascu-
lanzation (Group III), because some areas of ischermawere
partially revasculanzed Whereas Improvement In exercise
or aerobic capacity, or both, WIth mcomplete revasculan-
zanon was reported previously (17,18), this study docu-
ments the penpheral rather than the cardiac mechanism of
augmented penpheral extraction of oxygen to account for
much of this Improvement
Comparison with other hemodynamic studies. Our
results differ from the postoperative changes reported by
others (17,18) McDonough et al (17) found only a 12%
Increase In maximal oxygen consumption and a 6% mcrease
In cardiac output, despite a reduction In stroke volume dur-
mg upnght exercise In that study, ischenuc arrest rather
than myocardial preservation WIth potassium cardioplegia
was used, patients were not subdivided accordmg to the
apparent degree of revasculanzanon and wall motion ab-
norrnahties were not considered Immediately before pre-
and postoperative exercise tests, patients evaluated by
McDonough et al received 0 4 mg of sublmgual mtrogly-
cenn, and thus, preoperative performance may have been
overestimated
Serruys et al. (18) reported that a significant number of
patients had Incomplete revasculanzation and there were
several penoperative myocardial mfarcts Thus, m both re-
JACC Vol 3. No 1
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ports (17,18) greater opportumnes for myocardial damage
contnbuted to relatively disappomtmg postoperative func-
nonal results Heart rate and stroke volume were deterrmned
at symptom hrrnted maximal exercise and m patients with
complete revasculanzation, the Improvement in heart rate
response was the pnmary component for the increase m
cardiac output Stroke volume, however, was usually mam-
tamed despite a significantly higher heart rate and a cor-
respondmgly shorter interval for passive diastolic fillmg of
the ventncles Other studies (6,7,17,18) also failed to show
Improvement in stroke volume dunng exercise, but unusual
exceptions have been reported (19)
Roleof beta-receptor blockers. Postoperative Increase
of heart rate IS a consistent finding of most studies, but m
some the role of preoperative WIthdrawal of beta-adrenergic
blocking agents was not clearly excluded (3,6,7,20,21) The
use of beta-receptor blockade may have hrmted the pre-
operative heart responses In some of the patients, but we
mmmuzed this effect by discontmumg the drug 18 to 48
hours before the study In patients WIth complete revascu-
lanzation who received no beta-receptor blocking agents
preoperatively, a significant Improvement m cardiac output
and heart rate at maximal exercise still occurred postoper-
atively (Table 6) Although an increase m heart rate at rest
and systolic blood pressure observed postoperatively may
partially be due to WIthdrawal of beta-receptor blockade,
the postoperative increase m maximal heart rate IS pnmanly
attnbuted to revasculanzation and not to discontmumg the
beta blocking drug
Role of rest variables of left ventricular function. In
the group WIth impaired supine left ventncular function at
rest, assessed by an ejection fraction less than 50% or a left
ventncular score greater than 5, stroke volume dunng ex-
ercise was not significantly Increased postoperatively In the
data presented by Kent et al (22), an impressive Improve-
ment in exercise ejection fraction was noted, but this does
not necessanly Imply that stroke volume Improved It IS
quite possible that end-diastolic volume at maximal exercise
preoperatively was greater than end-diastolic volume post-
operatively, so that stroke volume was unchanged, although
ejection fraction Improved These mvestigators also noted
a marked Improvement m maximal heart rate Bussmann et
al (23) noted Improvement m wall motion abnormahues
postoperatively In patients studied angiographically dunng
submaximal supine bicycle exercise and reported an m-
creased stroke volume
Clinical implications. The results of this study are con-
sistent WIth earher observations (8,24) that heart rate re-
sponses dunng maximal exercise are disproportionately im-
paired m patients WIth coronary artery disease and angina
Surgical revasculanzation largely reverses this abnormality,
but functional cardiac hrmts are not entirely normalized An
important chnical inference is that both the apparent ade-
quacy of surgical revasculanzation and the magmtude of
Improvement m hrruts of cardiac function may be assessed
nonmvasively from the changes In maximal heart rate or
chronotropic capacity as a substitute for direct measure-
ments of cardiac output
Greater penpheral extraction of oxygen, probably as a
nonspecific effect of greater physical acnvity and exercise
conditiorung postoperatively, IS seen In patients who are
symptomatically somewhat Improved yet exhibit only a modest
increase In maximal heart rate This IS In contrast to the
majority of patients (76%) With more adequate surgical re-
vascularization. ventncular function and chronotropic ca-
pacity. who did not Invoke the penpheral adaptation for
enhanced aerobic capacity Accordingly, exercise condi-
tiomng m these patients after convalescence from surgery
may be expected to enhance aerobic capacity even further
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